Background Socioeconomic inequalities in longevity have been found in all European countries. We aimed to assess which determinants make the largest contribution to these inequalities.
Introduction
Inequality in mortality between socioeconomic groups is highly persistent and translates into substantial inequality in life expectancy. 1 Explanatory research has identified many factors contributing to inequalities in mortality, including childhood conditions, material living conditions, psychosocial factors, and behavioural risk factors. 2 We aimed to determine the contribution of a broad range of risk factors, which have previously been shown to be differentially distributed between people with lower and higher levels of education, to inequalities in life expectancy in 15 European countries.
Methods

Data sources
We did an international comparative study of risk factors for shorter life expectancy in Europe. We collected and harmonised register-based mortality data from 15 European countries between 2010 and 2016: Finland, Sweden, Norway, Denmark, England and Wales, Netherlands, Belgium, Austria, Switzerland, France, Spain, Hungary, Poland, Lithuania, and Estonia. These data covered 2010-14, with the exceptions of Sweden (2005-08), Norway (2006-09), and France (2004-07). Most data covered complete national populations, with the exceptions of England and Wales and France, for which nationally representative 1% samples of the population were available, and the Netherlands, where available data covered 65% of the population. Most data were from a longitudinal mortality follow-up after a census, with the exceptions of the Netherlands (follow-up of a mix of registry data and labour force surveys) and Hungary and Poland (cross-sectional unlinked studies). More details on the data sources for mortality are shown in the appendix (p 2).
We aimed to collect survey data on as many risk factors for mortality as possible. Risk factors were selected if a reliable estimate of their relative risk of mortality is available in the literature and estimates of their prevalence by level of education in the 15 countries are available from internationally harmonised surveys. Eight risk factors that are differentially distributed between people with low and high levels of education met these criteria. Many other candidates, such as unemployment and housing conditions, were excluded, because we could not find reliable estimates of relative risks for the exposure categories measured in the surveys. Additionally, because the definition of the risk factor had to be identical for relative risks and prevalence data, risk factor categories often had to be merged into two or three levels only.
The eight risk factors included were father with a manual occupation as an indicator of the conditions in which adults had grown up, 3 low income as an indicator of current material living conditions, 4 few social contacts as an indicator of psychosocial conditions, 5 and smoking, 6 high alcohol consumption, 7 high bodyweight, 8 low physical activity, 9 and low fruit and vegetable consumption 10 as indicators of inequalities in behavioural risk factors (appendix p 4). These risk factors cover different but overlapping explanatory perspectives. Behavioural risk factors can be conceptualised as being downstream in the causal pathway between level of education and mortality, whereas father with a manual occupation and low income partly determine why people with low and high levels of education have different health-related behaviours and should, therefore, be seen as more upstream. 11 Further more, father with a manual occupation partly deter mines a person's educational achievement 12 and, in contrast to the other risk factors, should not be seen as a possible mediator of the effect of education on mortality, but as a factor capturing the persistent effect of childhood conditions on the risks of mortality in later life.
We extracted data on the prevalence of all risk factors (February, 2017), except low income, from the European Social Survey (ESS), which was designed to collect harmonised data on risk factors for morbidity and mortality in its seventh round fielded in 2014 and 2015. 13 We applied restricted cubic spline models to smooth the gender-specific and education-specific prevalence of each risk factor across age groups. For low income, we used the EU Statistics on Income and Living Conditions Survey, which has more detailed income questions than ESS. More details on the survey data used in our analyses can be found in the appendix (p 3).
Socioeconomic position was indicated by highest level of completed education: low, mid, high corresponding to International Standard Classification of Education 1997 categories 0-2, 3-4, and 5-6. We focused on educational inequalities (instead of occupational inequalities, for example), primarily because comparable mortality and survey data by educational attainment were available for many more European countries than data by other indicators of socioeconomic position. Education is also the most stable measure of socioeconomic position, because it is normally completed early in adulthood, avoiding most of the problems of reverse causation. 14 The analyses were restricted to ages 35-79 years because education becomes less reliable as an indicator of socioeconomic position at greater ages.
Data analysis
After dividing mortality data into 5-year age groups, we calculated partial life expectancies between ages of 35 years and 80 years for each country by educational level and gender. For descriptive purposes, we also calculated age-adjusted prevalence ratios for each risk factor by educational level and gender using high-level education as a reference category.
To determine the contribution of risk factors to inequalities in partial life expectancy, we used a method
Research in context
Evidence before this study Socioeconomic inequalities in mortality are a major challenge for public health policy in all European countries. Although many studies have determined the contribution of specific risk factors to inequalities in mortality within specific countries, comparative studies that have quantified the role of different risk factors in a range of countries are almost non-existent. Our consortium has created a harmonised database of inequalities in mortality in a range of countries in Europe, and we have previously published a study on the contribution of six risk factors to educational inequalities in mortality in 21 European countries and a study on the contribution of three risk factors to educational inequalities in life expectancy in five European countries, both in the early 2000s.
Added value of this study
This study represents an update for the early 2010s, as well as an improvement on our previous studies, by using the more intuitive outcome measure life expectancy for analyses of a wide range of risk factors, by including only national instead of partly regional data, by including an indicator of childhood conditions, by including better estimates of relative risks, and by adding a series of sensitivity analyses.
Implications of all the available evidence
The three most quantitatively important entry points for policies to reduce educational inequalities in life expectancy in most European countries are smoking, low income, and high bodyweight. However, because the relative contribution of individual risk factors differs between countries, policy makers should tailor strategies to the situation prevailing in their target population. Furthermore, because action on single risk factors will have only a small effect, forceful policy actions on a broad front of health determinants will be necessary to substantially reduce inequalities in life expectancy.
based on population attributable fractions, which estimates the effect of counterfactual distributions of the risk factors on the magnitude of social inequalities in mortality. 15 The relative risks for mortality used in the population attributable fraction calculations were taken from systematic reviews, meta-analyses, or pooled analyses, taking care to select relative risks adjusted for confounding. As potential confounders we considered age and gender, any of the other eight risk factors not on the causal pathway between one risk factor and mortality, and adult socioeconomic position. An overview of these relative risks and their sources is given in the appendix (p 4). The estimates of the contribution of risk factors were based on a counterfactual scenario, in which we assumed that exposure to a risk factor among men and women with low-level education would be reduced to the amount among men and women with high-level education within each country (upward levelling).
To test the robustness of our findings, we did several sensitivity analyses. The upward levelling scenario assumes that reducing exposure in groups with lowerlevel education to that of groups with higher-level education is feasible. Therefore, we also estimated the effect of a counterfactual scenario, in which differences in exposure between low-level and high-level education were reduced to the amount in the country with the lowest overall prevalence of the high-risk category and the smallest inequalities in prevalence between low-level and high-level education (best practice). In cases of doubt (ie, when these two criteria were in conflict), the best practice country was chosen by trial-and-error, in which we determined which of several counterfactual scenarios reduced inequalities the most (appendix pp 6-11).
For some risk factors, the relative risks for mortality were uncertain. The main uncertainties relate to father with a manual occupation (whether an adjustment for adult socioeconomic position is appropriate can be debated), low income (whether there is a causal effect of low income on mortality, and if so what the level of increased risk is, is uncertain), 16 and high bodyweight (some studies have produced lower relative risks than the ones used in our main analysis). 17 Therefore, we also estimated upward levelling scenarios with increased or decreased relative risks for these risk factors (appendix p 4).
Our analyses rely on survey data for the prevalence of risk factors. Although all risk factors might be prone to misreporting, surveys tend to underestimate alcohol con sum ption, because heavy drinkers are underrepresented in surveys, and because survey respondents tend to underreport the amount of alcohol consumed. 7 Therefore, in a third set of sensitivity analyses, we used a correction procedure developed by Rehm and colleagues 18 that adjusts survey-based estimates upwards on the basis of recorded alcohol sales.
For all analyses we also produced a European mean, which was calculated as a population-weighted average of Partial life expectancy, years Gap* between low level and high level (95% CI)
Low-level education
Mid-level education
High-level education
England and Wales
Europe mean † 41·0 42·1 42·7 1·7 (1·5-1·8) *Difference between low-level and high-level education. †Population-weighted mean of all European countries in the analysis. 
Role of the funding source
The funder of the study had no role in study design, data collection, data analysis, data interpretation, or writing of the report. The corresponding author had full access to all the data and final responsibility to submit for publication.
Results
Life expectancy was shorter among the people with low levels of education than those with high levels of education in all countries, but life expectancy and gaps differed between countries (table 1) . Men with a highlevel education had a partial life expectancy that varied between 39·4 years in Lithuania and 42·3 years in Switzerland, whereas men with low-level education had a partial life expectancy that varied between 31·2 years in Lithuania and 39·7 years in the Netherlands (table 1) . The gap in life expectancy varied between 2·1 years (95% CI 2·0-2·1) in Spain and 8·2 years (8·0-8·4) in Lithuania (table 1) . Among women, partial life expectancies were longer and gaps smaller than among men, but the pattern of variation between countries was similar, with gaps in life expectancy ranging from 0·6 years (0·5-0·6) in Spain to 4·5 years (4·2-4·7) in Lithuania (table 1) . Most risk factors were more prevalent among people with a low level of education than among those with a high level of education, with some exceptions-eg, high alcohol consumption among women (figure A; appendix pp 6-11). The largest inequalities were found for low income and smoking (figure A).
The only risk factor for which upward levelling raised life expectancy among men with low education levels (and, thus, reduced the gap in life expectancy between low-level and high-level education) by more than 1 year was smoking. Increases in life expectancy of 0·5-1 year occurred for smoking in 13 countries for men and seven for women and in four countries for low income for men ( figure B ). Among women, the largest effects were also found for these two risk factors, but they tended to be smaller than among men (figure B). High bodyweight had the next greatest effect, with upward Gap is calculated as the percentage difference between the observed gap in partial life expectancy between 35 and 80 years of age and the gap in a counterfactual upward levelling scenario in which the prevalence of each risk factor among the low educated is the same as that among the high educated in the same country. *Population-weighted mean of all European countries in the analysis. levelling resulting in an increase in partial life expectancy among women with a low-level education (and reduction of the gap in life expectancy between low-level and high-level education) of 0·5-1·0 years in eight countries among men and in five countries among women ( figure B) . The effects for the other risk factors were usually much smaller-ie, fewer than 0·25 years ( figure B ). Among men, smoking was quantitatively important for the gap in life expectancy in all 15 countries, but more so in Estonia, Finland, Hungary, and Lithuania, whereas, among women, it contributed much less in France, Spain, and Switzerland. These differences can often be traced back to larger and smaller inequalities in smoking as shown in figure A. Among both men and women, low income contributed more to educational inequalities in life expectancy in central and eastern Europe than in most other countries, which can be traced back to differences between countries in the magnitude of educational inequalities in low income ( figure A) .
Contributions of risk factors can be compared between countries more easily when they are expressed as percentages of the gap in life expectancy in each countryie, in relative instead of absolute terms (table 2) . Smoking was the only risk factor that reduced the gap in life expectancy by more than 25% in some countries, both among men and women (table 2). The second and third largest contributors were low income and high bodyweight (table 2). As a weighted mean of all European countries, the contributions to the gap in life expectancy for smoking were 19·8% among men and 18·9% among women, whereas the contributions for low income were 9·7% and 13·4%, and those for overweight and obesity were 7·7% and 11·7% (table 2) . However, large differences existed between countries in the relative contribution of risk factors. For example, among Belgian men, smoking (33·2%) clearly contributed more than high bodyweight (5·9%), but among Spanish men they were about equal (16·6% vs 14·6%; table 2). Among women, smoking contributed much less in France, Spain, and Switzerland than in the other European countries (table 2) .
When we replaced the upward levelling scenario with a more realistic best practice scenario, the contributions of most risk factors declined substantially (table 3) . The selection of best practice countries and detailed results for this scenario are given in the appendix (pp 6-12). For example, among men the mean contribution of smoking went down from 19·8% in the upward levelling scenario to 2·7% in the best practice scenario (table 3) ; this is unsurprising, because no country has small inequalities in smoking (ie, a prevalence ratio of <1·5) between men with low and high levels of education, so upward levelling cannot have a large effect. Among men, low physical activity contributed more than smoking in the best practice scenario (table 3) . However, among women the mean contribution of smoking in the best practice scenario (17·0%) was only slightly smaller than that in the upward levelling scenario (18·9%; table 3 ). Among women, the three risk factors that contributed most were still smoking, low income, and high bodyweight, although low physical activity became a greater contributor relative to the other risk factors (table 3) .
Our findings are also sensitive to assumptions about the effect of risk factors on mortality. When we took higher relative risks for father with a manual occupation (removing the adjustment for adult education from the relative risk estimate) or for low income (taking a controversial higher estimate from the published literature; appendix p 4), we found larger contributions of both risk factors to the gap in life expectancy, and the contribution of high bodyweight was substantially reduced when we took lower relative risks (taking less plausible lower estimates from the literature).
When we corrected for under-reporting of alcohol consumption as described by Rehm and colleagues, 18 Gap is calculated as the percentage difference between the observed gap in partial life expectancy between 35 and 80 years of age among the low and high educated. For values of relative risk used in sensitivity analyses, see appendix (p 4). *A scenario in which the prevalence of each risk factor among the low educated is the same as that among the high educated. †A counterfactual scenario in which the prevalence of each risk factor is the same as that in the country with the lowest average prevalence and the smallest inequalities between low and high educated. life expectancy did not substantially change and remained much smaller than that of the other risk factors.
In general, the second and third sets of sensitivity analyses confirmed the findings of the main analysis for low income (large contribution) and high alcohol consumption (small contribution) and added some uncertainty to the findings for father with a manual occupation and high bodyweight (which might contribute more or less, respectively, than suggested by the main analysis).
Discussion
We found a substantial gap in partial life expectancy between people with low and high levels of education in all European countries. The risk factors contributing most to the gap in life expectancy were smoking, low income, and high bodyweight, but large differences existed between countries in the contribution of risk factors. Sensitivity analyses using a best practice scenario showed that the potential for reducing the gap might be considerably smaller, particularly for men.
In previous studies 19, 20 we presented estimates of the contribution of six risk factors to educational inequalities in mortality and three risk factors to educational inequalities in life expectancy in a range of European countries in the early 2000s. This study represents an update and incorporates several improvements, such as use of national instead of regional data from Spain, inclusion of an indicator of childhood conditions, better estimates of relative risks, and addition of a series of sensitivity analyses.
Our study has several limitations. We relied on survey data with self-reported information on risk factors. A previous study 21 has shown that the magnitude of inequalities in smoking differs between surveys, probably due to differences in sampling procedures, non-response patterns, and survey questions, and the same might apply to other risk factors in our analysis. Inaccuracies in the measurement of risk factors, and the merging of risk factor categories, might have contributed to an underestimation of their contribution to inequalities in life expectancy in our study.
We did a dedicated sensitivity analysis for the risk factor that had the most evidence for misrepresentation in surveys (ie, alcohol consumption), but after adjustment its contribution to inequalities in life expectancy was still very small (table 3) . These results contradict a previous study 22 that estimated the contribution of alcohol consumption to inequalities in mortality using alcohol-related causes of death, which suggest that its contribution is 10% or more in some European countries. One possible explanation is that our method assumes that the risk of mortality associated with heavy drinking is the same for low-level and highlevel education, whereas it might be greater for people with low-level education-eg, because their pattern of drinking is more hazardous or because they benefit less from a supportive social network. 23 Further research is necessary.
The assumption that relative risks are the same for lowlevel and high-level education might also be unrealistic for other risk factors. Some studies have found that smokers with low levels of education have a greater likelihood of developing lung cancer than smokers with higher levels of education, perhaps due to differences in in smoking behaviour (eg, deeper inhalation of tobacco smoke or more carcinogenic types of tobacco smoked) or biological susceptibility, 24 implying that the contribution of smoking to inequalities in mortality might be larger than estimated using equal relative risks. However, findings of studies 25, 26 that estimated the contribution of smoking by use of smoking-related causes of death have produced estimates similar to those made in this study. We also assumed that the relative risks for mortality were the same for men and women, for all age groups, and for all countries in the study.
We found it difficult to find reliable estimates of relative risks for our risk factors, particularly because they had to match the exposure categories available in European harmonised surveys, which made a more formal process of identifying relative risks unfeasible. We could not always rely on systematic reviews (appendix p 4), which might imply that our estimates are incorrect. Another, related problem is that the causal nature of the relationship captured in the relative risk estimates is often uncertain. Low income is an example of this problem; although we found an estimate (corres ponding to the income measurements in EU Statistics on Income and Living Conditions Survey) from a high-quality longitudinal study with correction for con founders, 27 reviews 16,28 of quasi-experimental evidence for a causal relationship between income and mortality have not been able to conclude that the relationship is mainly causal.
Another limitation is that we could not include a lag time between risk factor exposure and mortality, because we did not have survey data for points in time preceding the measurement of mortality. Therefore, we might have underestimated or overestimated the contribution of certain risk factors to present-day mortality inequalities in cases where prevalence of the risk factor has substantially changed over time. For example, we know that in countries in which the smoking epidemic has advanced furthest, such as England and Wales, inequalities in smoking behaviour were smaller in the past, 29 implying that in such cases we might have over estimated the current contribution of smoking to inequalities in mortality (and that our estimates may more accurately represent the future contribution of smoking). 30 We only studied risk factors individually, because available methods for combining them assume mutual independence, 31 which would not be guaranteed in our case, because downstream risk factors, such as smoking or high bodyweight, might partly be determined by more upstream ones, such as low income or father with a manual occupation, and might also be determined by each other (as in the case of low physical activity leading to high bodyweight). Without more detailed analyses considering interconnections between risk factors, prediction of what the combined effects will be is difficult. 15 Our study highlights both similarities and differences between European countries. Smoking, low income, and high bodyweight contribute most to inequalities in mortality in most European countries, but they contribute more in some countries than in others, suggesting that it is advisable for policy makers to tailor strategies to the situation prevailing in their target population. For example, in northern Europe smoking is clearly a more quantitatively important policy target than low income or high bodyweight for policies to reduce the educational gap in life expectancy, but the same is not true for Switzerland, where low income is relatively more important, or Spain, where high bodyweight is relatively more important. Studies of the relative contribution of risk factors to inequalities in self-assessed health 32 and activity limitations 33 in a range of European countries have reached similar conclusions.
Differences in the social patterning of risk factors between European countries are a result of both spontaneous trends and policies. For example, differences between countries with inequalities in smoking partly reflect differences in the progression of the smoking epidemic, 29 and inequalities in obesity might similarly reflect differences in diffusion of the obesity epidemic. However, differences between countries in social and health policies also have a role, such as income inequalities that are larger in countries with less progressive income taxation and less generous social security arrangements. 34 Nevertheless, these patterns can probably be affected by policy. For example, equity-oriented tobacco control policies that combine increased taxes with smoking cessation support services targeted to disadvantaged smokers can reduce inequalities in smoking, 35 and countries that have large income inequalities can reduce them by more progressive income taxation policies and more generous social security arrangements.
Although our study helps to identify entry points for policy, it also shows that the scope for reducing inequalities in life expectancy by targeting each of the studied risk factors separately is narrow, because most risk factors make small contributions. Even when their contribution is substantial, such as in the case of smoking, low income, and high bodyweight, the results of best practice scenarios suggest that the potential for reduction of inequalities might be smaller, because no European countries have truly small risk factor inequalities. Substantial reductions will only be possible with policies that simultaneously address many different health determinants.
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